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In a fuel cell systiem and its controlling method, the fuel cell system 
includes a stack (21) including fuel cells each having a polymer 
electrolyte membrane , and a controller (61) . The controller (61) 

is responsive to detected outputs of a displacement sensor (27) and a 
temperature sensor (2 7) and controls such that, when the polymer 
electrolyte membrane is discriminated to remain in an excessively 

dry state, a shut-off valve (37) is applied with a "close" control 
signal to interrupt the supply of fuel gas to the stack (21) and, 
concurrently, a shut-off valve (41) is applied with an "open" control 
signal to allow air to be supplied to the stack (21) while applying a 
pump control signal to a pump (57) so as to maximize its rotational 
speed for thereby increasing the flow rate of pure water (59) to be 
circulated to the humidifier (35) from a pure water tank (55) . 
Simultaneously, a timer of the controller (61) is operated to begin 
counting an incremental time. As a result, air is excessively 
humidified by the humidifier (35) and is supplied to the stack (21) via 
the shut-off valve (41) . 



Form PCT/ISA^IO (continuation of first sheet (2)) (July 1998) 



INl^NATIONAL SEARCH REPORT 



ntemational Application No 

PCT/JP 01/03275 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 7 H01M8/^4 



According to Internationa] Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentatton searched (dassification system followed by classification svnfU>ols) 

IPC 7 HOIM 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and. where practical, search terms used) 

WPI Data, PAJ, EPO-Internal 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category ^ Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to daim No. 



EP 0 831 543 A (HONDA MOTOR CO LTD) 
25 March 1998 (1998-03-25) 
column 6, line 51 -column 7, line 47 
figure 5 

WO 98 45890 A (MAGNET MOTOR GMBH ;KOSCHANY 
ARTHUR (DE)) 15 October 1998 (1998-10-15) 
page 4, line 17 -page 5, line 16 

claims 

figures 

US 5 786 104 A (BLACK LANCE L ET AL) 
28 July 1998 (1998-07-28) 
the whole document 

DE 38 26 590 A (SIEMENS AG) 
8 February 1990 (1990-02-08) 
the whole document 

-/-- 



1.9.10 



1,9.10 



1.9,10 



1.9,10 



Further documents are listed in the continuation of box C. 



|X j Patent family members are listed in annex. 



Spedal categories of dted documents : 

*A' docunnent defining the general state of the art which is not 
considered to be of particular relevance 

eariier document but published on or after the International 

filing date 

document which may throw doubts on priority daim(s) or 
which Is cited to establish the publication date of another 
dtation or other spedal reason (as specified) 

'C document referring to an oral dlsdosure. use, exhibition or 
other means 

P' docunnent published prior to the international filing date but 
later than the priority date claimed 



■T' later document published after the international filing date 
or priority date and not in conflict with the application but 
dted to understand the prindple or theory underlying the 
invention 

'X' document of particular relevance; the claimed invention 
• cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

'Y' document of particular relevance; the claimed Invention 

cannot be considered to involve an inventive step when the 
document is combined with one or wore other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

'&' document member of the same patent family 



Date of the actual completion of the international search 



5 March 2002 



Date of mailing of the intematfonal search report 



13/03/2002 



Name and mailing address of the ISA 

European Patent Offrce. P.B. 5818 Palentlaan 2 
NL - 2280 HV Rqswijk 
Tel. (+31-70) 340-2040. Tx. 31 651 epo nl. 
Fax: (+31-70) 340-3016 



Authorized ofTioer 



Riba Vllanova. M 



Fotm PCT/ISA/210 (second sheet) (July 1992) 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 



itematlonal Application No 

CT/JP 01/03275 



C.{Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category " Cflation of document, with indication, where ap^jropriate, o' the relevant passages 



Relevant to claim No. 



DE 29 25 248 A (VARTA BATTERIE) 
8 January 1981 (1981-01-08) 
the whole document 



1.9 



Fomt PCT/ISA/210 (conttnualion of second sheet) (July 1992) 



page 2 of 2 



IN'^NATIONAL SEARCH REPORT 

^Bennatlon on patent family members 



* 



ntemationai Application No 

VcT/JP 01/03275 



Patent document 
dted in search report 


Publication 
date 


Patent famlty 
member(s) 


Publication 
date 


EP 0831543 


A 


OCT f\ o 1 r\r\r\ 

25-03-1998 


jp 


10074532 A 


17-03-1998 








DE 


69702101 Dl 


29-06-2000 








DE 


69702101 T2 


21-09-2000 








EP 


0831543 Al 


25-03-1998 








US 


5965288 A 


12-10-1999 



WO 9845890 A 15-10-1998 WO 9845890 Al 15-10-1998 

EP 1008200 Al 14-06-2000 

JP 2001519081 T 16-10-2001 



US 5786104 A 28-07-1998 NONE 



DE 3826590 A 08-02-1990 DE 3826590 Al 08-02-1990 

JP 2087481 A 28-03-1990 

US 4968566 A 06-11-1990 



DE 2925248 A 08-01-1981 DE 2925248 Al 08-01-1981 



FouTi PCT/ISA/210 (potent family amex) (July 1992) 



\ 




(12) INTERNATIOnS?APPLICATION published under the p3Hm cooperation treaty (PCT) 



(19) World Intellectual Property Organization 

International Bureau 




iiiiniiiiPMiiiiiiiiii 



(43) International Publication Date (10) International Publication Number 

29 November 2001 (29-11.2001) pcT WO 01/91216 A2 



(51) International Patent Classification^: HOIM 8/04 

(21) International Application Number: PCT/JPOl/03275 

(22) International Filing Date: 17 April 2001 (17.04.2001) 

(25) Filing Language: English 

(26) Publication Language: English 

(30) Priority Data: 

2000-151962 23 May 2000 (23.05.2000) JP 

(71) Applicant (for all designated States except US)x NISSAN 
MOTOR CO., LTD. [JP/JP]; 2, Takara-cho, Kana- 
gawa-ku, Yokohama-shi, Kanagawa 221-0023 (JP). 

(72) Inventor; and 

^= (75) Inventor/Applicant (for US only): SATTO, Kazuo 



[JP/JP]; 1 -66- 15-B 102, Kamariyanishi. Kanazawa-ku, 
Yokohama-shi, Kanagawa 236-0046 (JP). 

(74) Agents: MIYOSHI, Hidekazu et al.; 9th Floor, Tora- 
nomon Daiichi Building, 2-3, Toranomon 1-chome, Mi- 
nato-ku, Tokyo 105-0001 (JP), 

(SI) Designated States (national): CN, KR, US. 

(84) Designated States (regional): European patent (DE, FR, 
GB). 

Published: 

— without international search report and to be republished 
upon receipt of that report 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



^= (54) Title: FUEL CELL SYSTEM AND METHOD OF CONTROLLING THE SAME 



< 

ON 

o 




(57) Abstract: In a fuel cell system and its controlling 
2 2 method, the fuel cell system includes a stack (21) including 

fuel cells (11) each having a polymer electrolyte membrane, 

and a controller (61). The controller (61) is responsive 
to detected outputs of a displacement sensor (27) and a 
temperature sensor (27) and controls such that, when the 
polymer electrolyte membrane is discriminated to remain 
in an excessively diy state, a shat-off valve (37) is applied 
with a "close" control signal to interrupt the supply of fuel 
gas to the stack (21) and, concunently, a shut-off valve (41) 
is applied with an "open" control signal to allow air to be 
supplied to the stack (21) while applying a pump control 
signal to a pump (57) so as to maximize its rotational speed 
for thereby increasing the flow rate of pure water (59) 
to be circulated to the humidifier (35) from a pure water 
lank (55). Simultaneously, a timer of the controUa* (61) is 
operated to begin counting an incremental time. As a result. 



air is excessively humidified by the humidifier (35) and is supplied to the stack (21) via the shut-off valve (41). 
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DESCRIPTION 

FUEL CELL SYSTEM AND METHOD OF CONTROLLING THE SAME 

TECHNICAL FIELD 

The present invention relates to a fuel cell system and 
a method of controlling the same, and more particularly, to 
a fuel cell control system of a polymer electrolyte type and 
a method of controlling a fuel cell of the polymer electrolyte 
type. 

BACKGROUND ART 

In recent years, considerable research and development 
work has been undertaken to commercially apply a fuel cell 
of polymer electrolyte membrane type, which has a high power 
density and which can be operated at low temperature, as an 
electric power generation system in a motor vehicle. 

Such a fuel cell of the polymer electrolyte membrane is 
usually constructed of a polymer electrolyte membrane, an 
anode joined to one side of the membrane, and a cathode Joined 
to the other side of the membrane to provide a Joined structure , 
which is sandwiched between separators . 

In a fuel cell system including a plurality of fuel cells 
of polymer electrolyte membrane type as a stack, fuel gas 
and air are usually humidified by a humidifier for preventing 
the polymer electrolyte membrane from being dried such that 
the polymer electrolyte membrane is kept in a suitably wet 
state throughout electric power generation. 

DISCLOSURE OF INVENTION 

In such a fuel cell system, however, a usual practice 
normally done in usual operation of the stack has been adapted 
to start up the stack, even when the fuel cell system is left 
in a non-use state for a long time period and the polymer 
electrolyte membrane remains in an excessively dry state. 

For this reason, humidif ication of the polymer 
electrolyte membrane to a sufficiently wet state needs a 
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preliminary long r op rating time to some extent, with a 
resultant difficulty in taking out electric power output from 
the stack in a stable fashion or an undesirable system failure 
owing to rapid voltage drop caused when a large amount of 
electric power output is required. 

The present invention has been made in view of the 
above- described studies and has an object to provide a fuel 
cell system and a method controlling the same which can achieve 
a substantially optimum start-up control even when a fuel 
cell system of a polymer electrolyte type remains in a dry 
state. 

A fuel cell system of the present invention is provided 
with: a humidifier humidifying fuel gas and air; a stack 
producing electric power by reacting the fuel gas humidified 
by the humidifier and the air humidified by the humidifier, 
including a plurality of fuel cells and fixed for free 
movement in a stacked direction thereof, each of the 
plurality of fuel cells having a polymer electrolyte 
membrane; a displacement sensor detecting a displacement 
value in length of the stack in the stacked direction; a 
temperature sensor detecting a temperature of the stack; and 
a controller discriminating whether the polymer electrolyte 
membrane is in a dry state in response to the displacement 
value of the stack detected by the displacement sensor and 
the temperature of the stack detected by the temperature 
sensor and controlling the humidifier, when the polymer 
electrolyte membrane is discriminated as in a dry state at 
a start of operation of the stack, to cause the polymer 
electrolyte membrane to be brought into a wet state. 

In other words , a fuel cell system of the present invention 
is provided with: humidifying means humidifying fuel gas and 
air; a stack producing electric power by reacting the fuel 
gas humidified by the humidifying means and the air 
humidified by the humidifying means, including a plurality 
of fuel cells and fixed for free movement in a stack d 
direction thereof , each of the plurality of fuel cells having 
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a polym r electrolyte membrane; displacement det ctlng 
means detecting a displacement value in length of the stack 
in the stacked direction; temperature detecting means 
detecting a temperature of the stack; and controlling means 
discriminating whether the polymer electrolyte membrane is 
in a dry state in response to the displacement value of the 
stack detected by the displacement detecting means and the 
temperature of the stack detected by the temperature 
detecting means and controlling the humidifying means , when 
the polymer electrolyte membrane is discriminated as in a 
dry state at a start of operation of the stack, to cause the 
polymer electrolyte membrane to be brought into a wet state. 

Besides, a method of controlling a fuel cell system is 
applied to a system provided with a humidifier humidifying 
fuel gas and air, and a stack producing electric power by 
reacting the fuel gas humidified by the humidifier and the 
air humidified by the hxiraidlfier. Including a plurality of 
fuel cells and fixed for free movement in a stacked direction 
thereof, each of the plurality of fuel cells having a polymer 
electrolyte membrane. The method detects a displacement 
value in length of the stack in the stacked direction and 
a temperature of the stack, discriminates whether the polymer 
electrolyte membrane is in a dry state in response to the 
displacement value of the stack detected by the displacement 
sensor and the temperature of the stack detected by the 
temperature sensor, and controls the humidifier, when the 
polymer electrolyte membrane Is discriminated as in a dry 
state at a start of operation of the stack, to cause the 
pol3rnier electrolyte membrane to be brought into a wet state. 

Other and further features, advantages, and benefits of 
the present invention will become more apparent from the 
following description taken in conjunction with the 
following drawings. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is a view for illustrating a cell structure of 
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a polymer electrolyte membrane type fuel cell to be 
incorporated in a fuel cell system according to a first 
preferred embodiment of the present invention; 

FIG. 2 is a schematic view for illustrating a typical 
5 example of a fixing structure for a stack constructed of a 

plurality of fuel cells according to the embodiment ; 

FIG. 3 is a view for illustrating a displacement 
characteristic in length of the stack in a stacked direction 
depending on differences in a wet state of the stack according 
10 to the embodiment; 

FIG. 4 is a block diagram of a starter device for a fuel 
cell system according to the embodiment; 

FIG. 5 is a flow diagram to illustrate the operation of 
the starter device of the fuel cell system according to the 
15 embodiment ; 

FIG. 6 is a block diagram of a starter device of a fuel 
cell system according to a second preferred embodiment of 
the present invention; and 

FIG. 7 is a flow diagram to illustrate the operation of 
the starter device of the fuel cell system according to the 
embodiment . 

BEST MODE FOR CARRYING OUT THE INVENTION 

To describe the present invention in more detail, 
preferred embodiments of the present Invention will be 
explained with reference to the drawings below. 
(First Embodiment) 

FIG.l shows a cell structure of a polymer electrolyte 
type fuel cell for a fuel cell system of a preferred embodiment 
according to the present invention. 

In FIG . 1 , the fuel cell 11 is constructed having a polymer 
electrolyte 13, an anode electrode 15 located on one side 
of the polymer electrolyte membrane 13. a cathode 17 located 
on the other side of the polymer electrolyte membranel3 to 
form a membrane electrode assembly (MEA) . which is sandwiched 
between separators 19. 



20 
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30 
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FIG . 2 is a view illustrating a typical exampl of a fixing 
structure of a stack which is comprised of a plurality of 
fuel cells. 

Since the stack 21 is constructed of a large number of 
fuel cells 11, the stack 21 causes the polymer electrolyte 
membrane 13 to swell due to humidifying water, with a 
resultant expansion and contraction caused in each of the 
separators 19 in a stacked direction X owing to thermal 
expansion. 

For this reason, one distal end of the stack 21 is fixedly 
fastened to a vehicle body 25 by means of a stationary fixture 
23, and the other distal end of the stack 21 is connected 
to the vehicle body 25 via a movable fixture 24 so as to prevent 
vertical movement in a direction Z while allowing expanding 
and contracting movement in the stacked direction X. Also, 
a displacement sensor 27 is located on the movable fixture 
24 and detects current displacement value relative to an 
original length of the stack 21 measured at a fabricating 
stage thereof, producing a displacement detection signal 27a 
which is delivered to a controller 61 in a manner as will 
be described in detail. 

FIG. 3 is a view for illustrating the displacement 
characteristic of the stack 21 in conjunction with a varying 
length in the stacked direction X due to a difference in a 
wet state of the stack 21. 

In the event the polymer electrolyte membrane 13 of the 
stack 21 does not contain water immediately when it has been 
fabricated or when the stack 21 has been left in a non-operating 
state for a long time period to cause the stack 21 to remain 
in an extremely dry state, the stack 21 remains in a minimum 
displacement position PI, representing the shortest length 
of the stack and an extremely dry state, as shown in FIG, 
3. 

On the contrary, when the stack 21 is continuously 
humidif i d in a suitably wet state and is operating at the 
maximum power output, the stack 21 encounters swelling and 



wo 01/91216 



PCT/JPOl/03275 



theirmal expansion to assume a proper wet position P5, equal 
to the longest length of the stack, as shown in FIG. 3 during 
electric power generation. Further, when the operation of 
the fuel stack 21 is repeated at suitable periods , the polymer 
electrolyte membrane 13 is liable to contain water and, 
therefore, the stack 21 assumes a normal wet position P3, 
equal to an intermediate length closer to the proper wet 
position P5, as shown in FIG, 3 even when the stack 21 remains 
in a normal non- operating state. 

FIG, 4 is a block diagram showing a starter device 31 
of a fuel cell system of a first preferred embodiment according 
to the present invention. A structure of the starter device 
31 of the fuel cell system S of FIG. 3 will be mainly described 
below in detail. 

Fuel gas 33 is hydrogen gas or reformed gas delivered 
from for example a reformer (not shown) and is supplied to 
a humidifier 35 which humidifies fuel gas 33. Humidified fuel 
gas is then supplied through a shut-off valve 37 to the stack 
21 . Also , air 39 is supplied from for example an air compressor 
(not shown) and is humidified in the humidifier 35 . Humidified 
air is then supplied through a shut -off valve 41 to the stack 
21, 

In the stack 21, humidified fuel gas and humidified air 
are reacted to produce electric power output , with non-reacted 
exhaust gas 43 being emitted and non-reacted air 45 being 
also exhausted through a condenser 47 which emits exhaust 
air 49. Further, a temperature sensor 28 is mounted on the 
stack 21 for detecting the temperature thereof and producing 
a temperature detection signal 28a which is applied to the 
controller 61. 

In the condenser 47, air 45 emitted from the stack 21 
is passed through plural cooling fins through which coolant 
51 is circulated, thereby condensing surplus water contained 
in air 45 to recover the same. Recovered pure water 53 is 
fed to a pure water tank 55. 

The pure water tank 55 serves to captur ions from pure 
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water 53 with th use of an Ion flit r and stores the same 
therein and, subsequently, pur water 59 Is pressurized with 
a pump 57 and supplied to the humidifier 35. 

The controller 61 Includes a RAM (not shown) which stores 
control data, a ROM (not shown) which stores control programs , 
a CPU (not shown) which controls a system in accordance with 
the control programs, and a timer (not shown) which counts 
preset Increment times to produce an Interrupting signal INT 
which is applied to the CPU. 

The controller 61 is responsive to the displacement 
detection signal 27a delivered from the displacement sensor 
27 and the temperature detection signal 28a delivered from 
the temperature detection sensor 28 to discriminate whether 
the polymer electrolyte membrane located in the stack 21 
remains in a dry state or is in a wet state, thereby producing 
a pump control signal 61a so as to control the shut-off valves 
37 and 41 and the pump 57 such that, in the event of an 
excessively dry state, they are operated in a dry-state start 
sequence and, in the event of the wet state, they are switched 
over to and are controlled to start operation in a normal 
start sequence. 

A DC/DC converter 63 is applied with electric power output 
from the stack 21 and functions to achieve a voltage boost 
conversion or voltage lowering conversion responsive to a 
demanded power command signal 61b delivered from the 
controller 61 for thereby controlling and limiting the amount 
of electric power output, to be delivered from the stack 21, 
which is supplied through the DC/DC converter 63 to a battery 
(not shown) which serves as a load, and other load units (not 
shown ) • 

Now, the operation of the starter device 31 of the fuel 
cell system of the first preferred embodiment is described 
below in detail with reference to a general flow diagram shown 
in FIG. 5. The basic sequence of operations Illustrated in 
the general flow diagram of FIG. 5 is stored as the control 
program in the Internal ROM of the controller 61. 
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At the start-up operation, power is applied to the starter 
device 31 of the fuel cell system, thereby starting up 
operation of the controller 61. At this instant, the 
controller 61 begins to read out the control program stored 
in the ROM and to control in a manner described below. 

In a first execution of step SIO, the displacement value 
L in the length of the stack 21 and the temperature T thereof 
are watched and detected at all times by the displacement 
sensor 27 and the temperature sensor 28, respectively. 

In conjunction with the displacement value L of the stack 
21, the length of the stack 21, which has been originally 
measured at the fabrication stage, is preliminarily stored 
as a reference data in the RAM of the controller 61, Also, 
when the stack 21 is replaced with new one. It is required 
to renew this reference data. Further, the RAM of the 
controller 61 preliminarily stores therein parameters 
covering other displacement values caused by thermal 
expansion responsive to the stack temperature T. 

In the next step S20, the wet state of the polymer 
electrolyte membrane is discriminated in terms of the 
displacement value L and the temperature T which are detected 
by the displacement sensor 27 and the temperature sensor 28, 
respectively. A process for discriminating the wet state of 
the polymer electrolyte membrane will be described in detail 
below. 

For Instance, in a case where a separator is made of for 
example carbon, the Instantaneous value is obtained from the 
original length A measured at the fabricating stage, the 
length B measured when the stack is held in a non-operating 
state under a suitable wet state (namely, when the stack Is 
held in. the non-operating state at a normal temperature), 
the length C measured when the stack Is operating in a normal 
state at the maximum power output, and the maximum 
displacement value d, caused by thermal expansion, of the 
stack, i.e. is expressed by the following relation: 



8 
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A "I- d < B - d (1) 

Also , the maximum displacement valu d of the stack caused 
by thermal expansion Is derived from the coefficient i3 of 
linear expansion In the stacked direction X, the temperature 
T and the length A' measured at 0 *C during the fabricating 
step and Is expressed as: 

d = iS x T X A' (2) 

With this equation (2) , the formula (1) Is expressed as: 

A+3xTxA' <B-i3xTxA' (3) 

The formula ( 1 ) Is proved from a reason In that although 
the coefficient of thermal expansion of the separator made 
of carbon is on the order of 10"*. the amount of swelling 
( ,1-e. though it depends on the film thickness and a chemical 
structure of the polymer electrolyte membrane) of the polymer 
electrolyte membrane due to wet state is on the order of 10*^. 

For this reason, the stack encounters thermal expansion 
which is larger in value at all times when the stack temperature 
is low under a suitable wet state in the polymer electrolyte 
membrane, than that encountered when the stack temperature 
is high under an extremely dry state in the polymer electrolyte 
membrane • 

Accordingly . in the event the length L of the stack detected 
by the displacement sensor 27 at the start of operation is 
obtained by: 

L<B-d = B- iSxTxA' (4) 

that is, when the length L of the stack is less than the 
instantaneous value in which the maximum displacement value 
d caused by thermal xpanslon is subtracted from the length 
B of the stack measured wh n it is held in the non-operating 
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State under the suitable wet state, it can be found that the 
polym r electrolyte membrane remains in th excessively dry 
state. 

In the second execution of step S20, also, the controller 
61 discriminates on the basis of the detected values of the 
displacement sensor 27 and the temperature sensor 28 that 
the polymer electrolyte membrane remains in the excessively 
dry state and, in this event, the operation goes to step S30. 

In step S30, the shut-off valve 37 located between the 
humidifier 35 and the stack 21 is applied with a "close" 
control signal for interrupting the supply of fuel gas to 
the stack 21 and, concurrently, the shut-off valve 41 located 
between the humidifier 35 and the stack 21 is applied with 
an "open" control signal for allowing air to be supplied to 
the stack 21. Simultaneously, the pump 57 is applied with 
the pump control signal which allows the rotational speed 
to be mcocimized, thereby Increasing the flow rate of pure 
water 59 to be circulated to the humidifier 35 from the pure 
water tank 55. At the same time, the timer in the controller 
61 begins to count the incremental time. As a result, air, 
which is excessively humidified by the humidifier 35, is 
supplied to the stack 21 through the shut-off valve 41. 

In the succeeding step S40, the counted incremental time 
is read out from the timer and the polymer electrolyte 
membrane of the stack 21 is humidified until the humidifying 
time period reaches a predetermined time period Sh. 

When the humidifying time period reaches the 
predetermined incremental time Sh, the operation goes to step 
S50 and, in this step, in addition to supplying the air, the 
shut -off valve 37 located between the humidifier 35 and the 
stack 21 is applied with an "open" control signal to begin 
the supply of fuel gas to the stack 21 while applying the 
pump control signal 61a to the pump 57 such that the flow 
rate thereof is returned to its normal value to allow the 
stack 21 to begin pow r generation. 

Then in step S60, in the same manner as previously noted 
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in step SIO, the displacement sensor 27 and the temperature 
sensor 28 detect the displacement value L of the length of 
the stack and the temperature th reof . 

In the succeeding step S70, In the same manner as 
previously noted In step S20, the controller 61 responds to 
the detected values of the displacement sensor 27 and the 
temperature sensor 28, respectively, and If It Is found that 
the polymer electrolyte membrane remains In the dry state, 
the operation returns to step SBO. 

In step SBO, the amount of electric power output to be 
extracted from the stack 21 Is regulated to a limited value 
below a predetermined value Ph. In particular, the electric 
power output of the stack 21 Is delivered to the DC/DC 
converter 63, which converts the voltage upward or downward 
In response to the demanded power command signal 61b applied 
from the controller 61 and controls the amount of electric 
power to be extracted from the stack 21 to the limited value 
below the predetermined value Ph, thereby allowing electric 
power output from the DC/DC converter 63 to the battery (not 
shown) and the other load units (not shown). Operation then 
returns to step S60 and the above discussed process Is 
repeated. 

In the execution of step S70, if it is found that the 
polymer electrolyte membrane is not held in the dry state 
and remains In a sufficiently wet state, operation goes to 
step S90 to allow the stack 21 to produce electric power 
output in a normal operating mode. In particular, the 
demanded power command signal 61b applied from the controller 
61 to the DC/DC converter 63 is modulated to have a normal 
power level by which the DC/DC converter 63 controls for 
relaxing the limitation in voltage boost conversion or 
voltage lowering conversion, thereby allowing normal 
electric power to be supplied from the DC/DC converter 63 
to the battery (not shown) and the other load units (not 
shown ) • 

Thus, it can b found on the basis of th 1 ngth L of 
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th Stack and th temperature T thereof that th polymer 
lectrolyte membrane located In the stack 21 ±s sufficiently 
wetr and the sunount of electric power to be utilized is 
regulated to the limited value below the predetermined value 
Ph until the maximum electric power output is obtained. As 
a result, it is possible to suppress undesirable situations 
such as a sudden stop caused in a system owing to some reasons 
such as rapid voltage drop. 

In the execution of step S20, if it is found by the 
controller 61 on the basis of the detected values of the 
displacement sensor 27 and the temperature sensor 28. 
respectively, that the polymer electrolyte membrane located 
in the stack 21 is not held in the excessively dry state and 
remains in the wet state « operation goes to step SIOO. 

In the execution of step SlOO, both the shut-off valves 
37 and 41 located between the humidifier 35 and the stack 
21 are applied with "open" control signals « allowing fuel 
gas and air to be supplied to the stack 21. Concurrently, 
the controller 61 applies the pump control signal 61a to the 
pump 57 to render the flow rate thereof to have a normal value, 
allowing the stack 21 to begin to produce electric power 
output . 

In the succeeding step SI 10, the controller 61 reads out 
the detected value of the temperature sensor 28 to 
discriminate whether the stack temperature T exceeds or is 
below a preset temperature Td. When the stack temperature 
is below the preset temperature Td, operation returns to step 
S120 wherein, in the same manner as in the step S80 . the amount 
of electric power to be extracted from the stack 21 is limited 
below the predetermined value Ph. 

In the execution of the step SllO, if it is found that 
the stack temperature exceeds the preset temperature Td, 
operation then returns to step S90 to allow the stack to 
operate in the normal power generation mode. 

According to the first preferred embodiment of the 
present invention, the wet state of the polymer electrolyte 
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membran located in the stack ±s detected and, ven when the 
polymer electrolyte membrane remains In an excessively dry 
Stat , the stack can be started up after the wet state Is 
recovered, enabling electric power output to be extracted 
from the stack in a stable fashion while avoiding the rapid 
voltage drop caused during large electric power generation 
to enable the fuel cell system to start-up in a smooth fashion 
at all times • 

Another advantage of the first preferred embodiment 
resides in that the fuel cell system can be realized by merely 
Incorporating a simplified structure therein to allow a 
displacement sensor to be mounted in the stack. As a result, 
further, it Is possible to realize the fuel cell system by 
merely adding this start-up process thereto in a relatively 
easy fashion. 

In addition, the wet state of the stack can be detected, 
with a resultant decrease in trouble shooting time required 
for some troubles occurred in the stack. 
(Second Embodiment) 

FIG. 6 is a block diagram for illustrating the structure 
of a starter device 71 of a fuel cell system of a second 
preferred embodiment according to the present invention . Also , 
the second preferred embodiment has the same basic structure 
as that of the fuel cell system of the first preferred 
embodiment shown in FIG. 4, with like parts bearing like 
reference numerals as those used in FIG. 4 while detailed 
description of the like parts are omitted for the sake of 
clarity. 

An essential feature of the second preferred embodiment 
differs from that of the first preferred embodiment in that 
a humidifier 73 Incorporates therein a heater 75. 

The operation of the starter device 71 of the fuel cell 
system of the second preferred embodiment will be described 
in detail with reference to a general flow diagram shown in 
FIG. 7. The basic sequence of op rations illustrated in the 
general flow diagram of FIG. 7 is stored as th control 
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program in th int rnal ROM of the controller 61. Also, the 
second preferred embodiment has the sam basic steps as those 
in the flow diagram of the first preferr d embodiment shown 
in FIG. 5, with like steps bearing like reference numerals 
as those used in FIG. 5 while a detailed description of the 
like steps is omitted for the sake of clarity. 

In the execution of step S130, with which the step S30 
in the first preferred embodiment is replaced, the shut -off 
valve 37 located between the humidifier 73 and the stack 21 
Is applied with a "close" control signal to interrupt the 
supply of fuel gas to the stack 21 while, concurrently, 
applying an "open" control signal to the shut -off valve 41 
located between the humidifier 73 and the stack 21 to allow 
air to be supplied to the stack 21 • Simultaneously, the heater 
75 located in the humidifier 73 is applied with electric power 
61c, and the pump control signal 61a is applied to the pump 
57 from the controller 61 so as to maximize the rotational 
speed of the pump 57 for Increasing the flow rate of pure 
water 59 to be circulated to the hiimidifier 73 from the pure 
water tank 55. At the same time, the timer in the controller 
61 is caused to begin counting operation of the incremental 
time. 

As a result , even when the polymer electrolyte membrane 
located in the stack 21 remains in an excessively dry state 
at the start of operation, the heater 75 in the htimidifler 
73 is heated to produce a further excessively humidified air, 
which is supplied through the shut -of f valve 41 to the stack 
21, with a resultant decrease in the operating time required 
for wetting the polymer electrolyte membrane. 

In the execution of step S150, with which the step S50 
in the first preferred embodiment is replaced, the shut- 
of f valve 37 located between the humidifier 35 and the stack 
21 is applied with an "open" control signal to begin the 
supply of fuel gas to the stack 21 in addition to supplying 
the air, while the heater 75 located in the humidifier 73 
is applied with electric power 61c and applying the pump 
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control signal 61a to the pimp 57 such that the flow rate 
thereof is returned to Its normal value to allow the stack 
21 to begin power generation. 

As a result, even when the polymer electrolyte membrane 
located in the stack 21 is once humidified during a 
predetermined time period, the heater 75 in the humidifier 
73 is heated to produce a further excessively humidified air. 
which is supplied through the shut-off valve 41 to the stack 
21, with a resultant decrease in the operating time required 
for wetting the polymer electrolyte membrane. 

In the execution of step S170. with which the step SllO 
in the first preferred embodiment is replaced, the shut -off 
valves 37 and 41 located between the humidifier 73 and the 
stack 21 are. applied with "open" control signals to begin 
the supply of fuel gas and air to the stack 21 while applying 
electric power to the heater 75 located in the humidifier 
73. Simultaneously, the pump control signal 61a is delivered 
from the controller 61 to the pump 57 so as to regulate the 
flow rate to a normal value and to allow the stack 21 to begin 
electric power generation. 

As a result, even when the polymer electrolyte membrane 
located in the stack 21 remains in a normal, wet state at 
the start of operation, the heater 75 located in the 
humidifier 7 3 is heated to provide an excessively humidified 
air to the stack 21 via the shut-off valve 41, allowing the 
polymer electrolyte membrane to be wet in a reduced, 
operating time period. 

A typical advantage of the second preferred embodiment 
resides in that an increase in the amount of humidif Ication 
reduces the wait time for wetting a polymer electrolyte 
membrane . 

In the present invention, the reliability in operation 
of the fuel cell system is greatly enhanced to provide a 
stable operation in the fuel cell system at all times even 
when it remains in an excessively dry stat . Unlike a 
structure of a fuel cell system employing a humidif ication 
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process wtilch b gins to humidify the polymer electrolyt 
membrane in a normal mode at the start-up operation, the 
system of the pres nt invention has a controller which allows 
the polymer electrolyte membrane of the stack to be suitably 
wet in the shortest period at the start-up operation even 
when the polymer electrolyte membrane remains in the 
excessively dry state. The obvious result is the elimination 
of wait time during start-up of the system and system failures 
that would otherwise occur when large power output is 
consumed when the stack remains in the dry state. 

Since the dry state of the stack is discriminated in terms 
of the displacement value in length of the stack in the 
stacked direction and the temperature of the stack, an 
optimum start-up control of the fuel cell system is provided 
with greatly simplified operating process and rapid start-up 
of the fuel cell system at full load can be achieved in a 
highly reliable manner. This optimum start up control can 
be achieved with the use of minimum number of component parts 
without causing a remarkable Increase in cost. Thus, the 
system of the invention can be easily applied to existing 
fuel cell systems to improve the operating performance. 

The controller controls the fuel cell system such that, 
when the stack remains in the dry state, humidified air is 
merely supplied to the stack to render the polymer 
electrolyte membrane to be wet in the short period. This 
control is achieved in an easy fashion by opening or closing 
plural shut -off valves located between the humidifier and 
the stack. 

Further, during start-up of the fuel cell system, when 
the polymer electrolyte membrane of the stack remains in the 
dry state, the controller controls the humidifier such that 
humidified air is first supplied to the stack for a 
predetermined time period and subsequently humidified fuel 
gas is also supplied to the stack and also controls the stack 
such that electric power output g nerated by the stack is 
limited below a predetermined value until the polym r 
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electrolyte membrane Is brought Into a sufficiently wet state. 
This results In the elimination of the voltage drops or system 
failures caused thereby. 

Still further, a heater may be Incorporated In the 
humidifier to provide further excessively humidified fuel 
gas and air to the stack, reducing the operating time 
required for wetting the polymer electrolyte membrane to a 
sufficient level for thereby enabling the fuel cell system 
to start up In a short period even when the polymer 
electrolyte membrane remains In the dry state. 

INDUSTRIAL APPLICABILITY 

As described above. In the present Invention, a dry state 
of a stack In a fuel cell system Is watched In terms of a 
displacement value In length of the stack and a temperature 
of the stack, and the amount of humldlf Icatlon In fuel gas 
and air Is controlled to allow a polymer electrolyte membrane 
of the stack to be suitably wet In a highly efficient and 
reliable manner. Therefore, a wide applicability thereof 
Including a fuel cell system for a vehicle Is expected. 
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CLAIMS 

!• A fuel cell system comprising: 

a humidifier humidifying fuel gas and air; 
a stack producing electric power by reacting the fuel 
gas humidified by the humidifier and the air humidified by 
the humidifier, including a plurality of fuel cells and fixed 
for free movement in a stacked direction thereof, each of 
the plurality of fuel cells having a polymer electrolyte 
membrane ; 

a displacement sensor detecting a displacement value 
in length of the stack in the stacked direction; 

a temperature sensor detecting a temperature of the 
stack; and 

a controller discriminating whether the polymer 
electrolyte membrane is in a dry state in response to the 
displacement value of the stack detected by the displacement 
sensor and the temperature of the stack detected by the 
temperature sensor, and controlling the humidifier, when the 
polymer electrolyte membrane is discriminated as in a dry 
state at a start of operation of the stack, to cause the polymer 
electrolyte membrane to be brought into a wet state. 

2. A fuel cell system according to claim 1, wherein the 
controller controls the humidifier, when the polymer 
electrolyte membrane is discriminated as in the dry state 
at the start of operation, to supply the air through the 
humidifier to the stack for a predetermined time period while 
not supplying the fuel gas through the humidifier to the 
stack. 

3. A fuel cell system according to claim 2, wherein the 
controller controls the humidifier, after only the air has 
been supplied to the stack through the humidifier for the 
predetermined time period, to supply the fuel gas and the 
air through the humidifier to the stack, while controlling 
the stack such that the electric power output from the stack 
is regulated to a limit d value below a predetermin d value 
until the polymer el ctrolyte membrane is det rmin d as in 
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a w t state. 

4 . A fuel cell system according to claim 1 , wh rein th 
humidifier includes a heater h atlng the fuel gas and th 
air, and the stack produces the electric power by reacting 
the fuel gas humidified and heated by the humidifier and the 
air humidified and heated by the humidifier. 

5. A fuel cell system according to claim 4. wherein the 
controller controls the humidifier, when the polymer 
electrolyte membrane Is discriminated as In the dry state 
at the start of operation, to supply the air through the 
humidifier to the stack for a predetermined time period while 
not supplying the fuel gas through the humidifier to the 
stack. 

6. A fuel cell system according to claim 5, wherein the 
controller controls the humidifier, after only the air has 
been supplied to the stack through the humidifier for the 
predetermined time period, to supply the fuel gas and the 
air through the htimldlfler to the stack, while controlling 
the stack such that the electric power output from the stack 
Is regulated to a limited value below a predetermined value 
until the polymer electrolyte membrane is determined as in 
a wet state. 

7. A fuel cell system according to claim 1, wherein the 
controller controls the humidifier to supply the fuel gas 
and the air through the humidifier to the stack when the polymer 
electrolyte membrane is discriminated as in a wet state at 
the start of operation of the stack. 

8. A fuel cell system according to claim 7, wherein the 
controller controls the humidifier to supply the fuel gas 
and the air through the humidifier to the stack, while 
controlling the stack such that the electric power output 
from the stack is regulated to a limited value below a 
predetermined value until the temperature of the stack exceeds 
a predetermined temperature. 

9. A fuel cell system comprising: 
.hiHUidifying means humidifying fuel gas and air; 
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a Stack producing electric power by reacting the fuel 
gas humidified by the humidifying means and the air humidified 
by the humidifying means, including a plurality of fuel cells 
and fixed for free movement in a stacked direction thereof, 
each of the plurality of fuel cells having a polymer 
electrolyte membrane; 

a displacement detecting means detecting a displacement 
value in length of the stack in the stacked direction; 

temperature detecting means detecting a temperature of 
the stack; and 

controlling means discriminating whether the polymer 
electrolyte membrane is in a dry state in response to the 
displacement value of the stack detected by the displacement 
detecting means and the temperature of the stack detected 
by the temperature detecting means, and controlling the 
humidifying means , when the polymer electrolyte membrane is 
discriminated as in a dry state at a start of operation of 
the stack, to cause the polymer electrolyte membrane to be 
brought into a wet state. 

10 . A method of controlling a fuel cell system provided with 
a humidifier humidifying fuel gas and air, and a stack 
producing electric power by reacting the fuel gas humidified 
by the humidifier and the air humidified by the humidifier, 
including a plurality of fuel cells and fixed for free movement 
in a stacked direction thereof, each of the plurality of fuel 
cells having a polymer electrolyte membrane, the method 
comprising: 

detecting a displacement value in length of the stack 
in the stacked direction; 

detecting a temperature of the stack; . 

discriminating whether the polymer electrolyte membrane 
is in a dry state in response to the displacement value of 
the stack detected by the displacement sensor and the 
temperature of the stack detected by the temperature sensor; 
and 

controlling the humidifier, when the polymer 
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lectrolyte membrane is discriminated as in a dry state at 
a start of operation of the stack, to cause the polymer 
electrolyte membrane to be brought Into a wet state. 
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